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To all whom it may concern: 
Be itknown that I, NIKOLA TESLA, acitizen 
of the United States, residing at New York,in 
the county and State of New York, have in- 
5 vented certain new and useful Improvements 

in Electric Generators, of which the follow- 
ing is a specification, reference being bad to 
the drawings accompanyiog and forming a 
part of the same. 

In an application gf even date herewith, 
Serigt No. 483,563, I have shown and described: 
a form of engine invented by ine, which, un- 
der the influence of an applied force such as 
the elastic tension of, sleam or a gas under 
1§ pressure, yields an oscillation of constant: 

period. 

In order that my present invention may be 
more readily understood I will explain the 
couditions which are to be observed in order 

20 to secure this result. 

It is a well known mechanical priaociple 
that if a spring pcssessiag @ seuz.ble inertia. 
be brought under tension, as by being 
stretched, and then freed, it will perform vi- 

2§ brations which are isochronons, and as to 
period, in the main, dependent upon the ri- 
gidity of the spring, and its own inertia or that 
of the system of which it may form an imme- 

. diate part. ‘This is known to be true ia all 

30 cases where the force whic} tends te.bring the 
ppriog or movable system intoa given position 
is pre rtionate to the displacement. 

nt 


e construction of ny engine above re- 
. ferred tol have followed and appli 


to 


this 
3§ principle, that is to say, I employga cylinder 
and a piston which in avy suitable nanner I 
maiatain in reciprocation by steain or gas 
‘under pressure. ‘I’o the moving piston or to 
the cylinder, in case the latter recipfocate 
and the piston remain stationary, a spring is 
connected soas to be maintained in vibration 
thereby, and whatever may be the inertia of 
the piston or of the moving system and the 
rigidity of the apring relatively to each other, 
provided, the practical limitsewithin which 
the law holds true that the forces which tend 
to bring the moving system toa given position 
are proportionate to the ap eceme Ns: dre not 
exceeded, the impulses of the power impelled 
piston and the natural vibrations of the spring 
will always correspond in direetion aad coin- 
cideintine. In thecaseof the engine referred 
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to, the ports are saarranged that the novement 
of the piston within the cylinder in either di- 
rection ceases when the force tending to impel 
it and the momentum which it has acquired 
are counterbalanced by the increasing press- 
ure of the steain or compressed air in that end 
of the cylinder toward which it is moving, and 
as in its movement the piston has shut off at 
a given point, the pressure that impelled itan 
established the pressure that tendsto retarn it, 
it is then impelled in the opposite direction, 
and this action is continued as long as the 
requisite pressure is applied. The length of 65 
the stroke will vary with the pressure, but 
the.rate or periodof reciprocation is no more 
dependent upon the pressure applied to drive 
the piston, than would be the period of oscil- 
lation of a pendulum permanently maintained 
in vibration, upon the force which periodically 
impels it, the offect of variations in each force 
being merely to produce corresponding varia- 
tions in the length of stroke or amplitude of 
vibration respectively. 

In practice I have found that the best re- 
sults are secured by the employment of an 
air spring, that is, a body of confined air or 
gas which is compressed and rarefied by the 
mmoveinents of the piston, and in order to ae- 
cure a Spring of constant rigidity I prefer to 
einploy a separate chambor er cylinder con- 
taining air at the normal atmospheric press- 
ure, although it night be at any other press- 
ure, and io which works a plunger connected 
with or carried by the piston rod. ‘The maa 
reason why no engiue heretofore bas been 
capable of producing results of this nature is 
that it has been customary to connect with 
the reciprocating parts a heavy fly-wheel or 
some equivalent rotary system of relative)y 
very great inertia, or in other cases where no 
rotary system was employed,as in certain pq 
ciprocating engines or tools, no regard has 
been paid tothe obtainmentof the conditions 
essential to the eud which I have in view, - 
nor would the pressure of such conditions in 
said devices appear to result in any special 
advantage. 

Such an engine as I have described affords 
a means for accowplishiog « result heretofore 
unattained, the continued production of elec- 
tric currents of constant period, by impart- 
ing the movements of the piston to a oore or 
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coil in a magnetic field. Itshould be stated 
however, tbat in applying the engine for this 
purpose certain conditions are encountered 
which should be taken into consideration in 
order to satisfactorily secure the desired re- 
sult. When a conductor is moved ina mec- 
netic flold and a current caused to circula.e 
theréin,tbeelectro-magneticreaction between 
it and the field, migbt disturb the mecbanical 
oscillation to such an extent as to throw it 
outof isochropism. This, forinstance, might 
occur when the electro-magnetic reaction is 
very greatincomparisontothepowerof theen- 
gine, and there isa retardation of the current 
80 that the electro-magnetic reaction might 
have an effect similartothat which would re- 
sult from a8 variation of tho tenaicn of the 
spring, but if the circuit of the generator be 
so adjusted that the phases of the electrono- 
tive force and current coincide ia time, that 
is to say, when the current is not retarded, 
then the generator driven by the engine acts 
merely as a frictional resistance and will not, 
as arule, alter the period of the mechanical 
vibration, although it nay vary tts ainplitude. 
This condition way be readily secured by 
properly proportiouing the self induction and 
capacity of the circus incinding thd genera- 
tor. I have, however, observed the further 
fact in connection with the use of such en- 
gines as a means for ruuning a generator, 
that it is advantageous that the period of the 
engine and the natural period of clectrical 
vibration of the generator should be the same, 
as fn such case the best conditions for electri- 
cal resonance aro established and the possi- 
bility of disturbing tbe period of mechanical 
vibrations is reduced toa. iwinimum. Ihave 
found that even if the theoretical conditions 
necessary for maintaining a constant period in 
the engine itself are not exactly maintained, 
still the engine and generator combined will 
vibrate at aconstant period, Forexample, if 
instead of using in the engine an independent 
cylinder and plonger,asan airspringof prac- 
tically constant rigidity, I cause the piston to 
impinge upon air cushions at the ends of its 
own cylinder, although the rigidity of such 
ensbions orspiings mizht be considerably af- 
fected and varied by thevariationsof pressure 
within the cylinder, still by combining with 
such an engine agencrator which has a period 
of ite own approximately (bat of the engine 
constant vibration j1uay be maintained even 
through aconsiderable rangoof varying press- 
ure, owing to the controlling action of tbe 
electro-magoetic systern. If have even found 
that under certaip conditions the influence 
ef the electro: maguetic system way be made 
8) great as to entirely control the pertod of 
the mechanical! vibration within wide Hmits 
of varying pressure. This is likely to ocoor 
in those instances wbere the power of the en- 
gine while fully capable of maintaining a 
vibration once started, is not sufficient to 
ebapge its rate So, for the sake of illustra- 


and a small force applied periodically in the 
proper direction to maintain it in motion, this 


force would bave no substantial control over 70 


the period of the oscillation, uvless the in- 
ertia of the pendulum: be small in comparison 
to theimpelling force, and this would be true 
no matter through what fraction of the period 
the force may va applied. In the case uader 
consideration the engine is merely an Agent 
for maintaining tbe vibration once started, 
altbough it will be understood that this does 
not preclude the performanceof useful work 
which would simply result ina shortening of 
thestroke. My invention, therefore, involves 
the combination of a piston free to recipro- 
cate under the influence of steam or a gas 
under pressnre and the movable element of 
an electric generator which isin direct me- 
chanical connection with the piston, and it 
is more especially the object of my Invention 
to secure from such combination electric cur. 
rentsof aconatam period. In theattaiomert 
of this object I have found it preferable to 
construct the engiue so that it of itself con. 
trols tho period, but ag I have stated before, 
I may so modify the elements of the combi- 
nation that the electro-maguetic systein may 
exert a partial or even complete control of 
the period. 

In illustration of the manover in which the 
invention is carried out I now refer to the 
accompanying drawings. 

Figure 1 is a central sectional view of an 
engine and generator embodying the inven- 
tion. Fig. 2 is a modification of the same. 

Referring to Fig. 1 A is the main cylinder 
in which works a piston B. Inlet portaCC 
past through the sides of the cylinder open- 

ng at the middle portion thereof and on oppo- 

sitestdes, Exhaust ports D Dextand through 
the walls of the cylinder and are formed 
with branches that open into the interior of 
the cylinder on each side of the inlet ports 
and on opposite sides of the cylioter. The 
piston B is formed with two circumferential 
grooves EK F which communicate through 
openings G in the piston with the cylinder on 
opposite sides of said piston respectively. 

The particular constraction of the cylinder, 
the piston and the ports controlling it may 
be very much varied, Ang is-not io itself ma- 
terial, except that in the special case now uv- 
der consideration it is desirable that all the 
ports, and more ee the exhaust ports 
should be made very much larger than ts usu- 
ally the case so that no force due to the ac- 
tion of the steam or compressed air will tend 
to retard or affect the roturn of the pisten io 
either direction. The pistor B is secnred to 
& piston rod II whith works in suitable stoff. 
ing boxes in the heads of the cylinder A. 
This rod ts prolonged on one side and exten.ts 
through beariugs V in a cylinder I suitably 
mounted or supported in Jiuc with the first, 
aod within which is a disk or plunger J ear- 
ried bythe rod I]. The cylinder ¥ is without 


tion, if a pendulum is started in vibration, J ports of any kind and is Air-light except asa 
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small leakage may occur through the woa.- 
ings V, which experience has shown need 
not be fitted with any very considerable ac- 
curavy. The cylinder I is surrounded by a 
jacket K which leaves an open space or cham- 
ber around it. The bearings V io the cvlin- 
der J, extend through the jacket K to the out- 
side air and the chamber between the cylia- 
der and jacket is made steam or air-tight as 
by asuitable packing. The main supply pipe 
L for steam or compressed air leada into this 
chamber, aod the two pipes that lead to the 
cylinder A run from the said chamber, oil 
caps M being conveniently arranged to de- 
iver oil into the saic pipes for lubricating 
tbe piston. In the particular form of engine 
shown, the jacket K which contains thecylin- 
der I is provided with a flange N by which it 
18 screwed to the end of the cylinder A. A 
small chamber O is thus formed which has air 
vents P in its sides and drip pipes Q leading 
out from it through which the cil which col. | 
lects in it is carried off. 

To erplain now the operation of the engine 
described,in the position of the parta shown, 
or when the piston is at the middle potut ot 
its stroke, the plunger J is at the center of 
the cylinder I and the air on both sides of the 
same is atthe normal presau:re cf the outside 
atmosphere. If a source of steam or com- | 
pressed air be then connoctcd to the inlet! 
ports C C of the oylindenA anda movement 
be imparted to the piston as by a sudden blow, 
the latter is caused to reciprccate in a man- 
ner well understood. The movements of the 
piston compress and rarofy the air in the cyl- 
inder I at opposite ends of the sate alter- | 
nately. A forward strokc compresses thy air | 
ahead of the plunger J which acts as aspring | 
to returoit. Similarly on the back stroke the 
air 18 compressed on the opposite side oi tbe 
plunger J and tendsto drive it forward. The 
compressions of the air in tbe cylinder I and 
the consequent loss of onergy due mainly to 
the imperfect elasticity of the air, give rise to 
a& vory considerable amount of heat. This 
heat Lutilize by conducting the steam or com- 
pressed air to the engine cylinder through the 
chamber formed by the Jacket surrounding 
the air-spring cylinder. The heat thustakeu 
up and used to raise the temperature of tbe 
steam or air acting upon the p:ston isavailed 
of to increase the efficiency of the ougine., In 
Any given engine of this kind the normal 
pressure will produce 4& stroke of determined 
length, aud this wil} be increased or dimin- 
ished aecording to the increase of pressure 
above or the reduction of pressure below the 
norma: 

In constructing the apparatus properallow- 
avce is made for » variation in the length of 
stroke by giving to the confining cylinder I 
of the air spring properly determ'ned dimen- 
sions. ‘She greater the pressure upon the 
piston, the higher the degree of compression 
of tho air-spring, and the consequent coun- 
teracting force upon the plunger The rate 








or period of reciprocation of the piston, how 
ever, is mainly deterinined as described above 
by the rigidity of the air spring and the in- 
ertia of the moving system, and any period 
of oscillation within very wide limits may be 
secured by properly portioning these factors, 
as by varying the dimensions of the air cham. 
ber which is equivalent to varying the rig- 
idity of the spring, or by adjusting the weigbt 
of the moving parts. These conditions are 
all readily determinable, and an engine con- 
structed as herein described may be made to 
follow the principle of operation above stated 
and maintain a perfectly uniform period 
through very wide limits of pressure. 

The pressure of the air conffned in the cyl- 
indcr when the plunger I is in its central po- 
Sition will always be practically that of the 
surrounding atmospbere, for while the cvlin- 
der is so constructed as not to permit such 
audden escapo of air as to sensibly.impair or 
modicy the action of tho air spring there will 
still be a slow leakago of air into or out of ft 
arouud the piston rod «ccording to the press- 
ure thereiu, so that the pressure of the airon 
opposite sides of the plunger will always tend 
to remain at that of the outside atmosphere. 

To the piston rod H is secured a conductor 
or coil of wire D’ which by the movementsof 
the piston is oscillated in the magnetic fleld 
produced by two magrets B’ 1B’ which may 
be permanent magnets or energized by coils 
(’ C’ connected with a scureoe of continuous 
eurrents E’. Thea movement of the cofl D’ 
across the lines of foreo established by the 
Insgnets gives rise to alternating currents in 
the coil. Those currents, if the period of 
mechanical oscillation ba constant will be of 
constant period, and may be utilized for any 
purpose desired. 

la tie case under consideration it is aS- 
sumed as a necessary condition that the in- 
ertia of tha movable element of the genera- 
tor aad the electro magnetic reaction which 
it exe:t3 will not be of such character as to 
ioaterially disturb the action of the engine. 

Fig. 2 is an example of a combination in 
which the engine 1s not of itself capable of 
determining entirely the period of oscillation, 
but iv which the generator contributes to this 
end. In this figure the engine is the same as 
in Fig. 1. The oxterior air spriog is however 
omitted and the air spaces at the ends of the 
cytinder A relied on for accomplishing the 
same purposs. As the pressure in these 
spaces i8 liabie to variations from variations 
in the steam or gas used in impelling the pis- 
-on they might affect the period of oscillation, 
and the conditions are not as stabie and cer. 
tain as io the case of an engine constructed 
asin Fig.1. But if the natural period of vi- 
bration of the elastic system be made to ap- 
proximately accord with the average period 
of the engine such tendencies to variation 
are very largely overcuive and the engine will 
preserve its period even through o consid, 
erable range of variations of pressure. The 
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generator in this case is composed of a mag- 
netic casing F’ in which a iaininated core G’ 
secured to the piston rod II is caused to vi- 
‘rate. Surrounding the plunger are two ex- 
citing coils C’ C’, and oue or inore induced 
coils D’ D’. The coils C’ C’ are connected 
with a generator of continuous currents E’ 
and are wound to produce consequent poles 
inthe core G’. Auy movement of the latter 
will therefore shift the lines of force through 
coils D’ D’ and produce currents therein. 

To the circuit of coils D’ is shown a eon- 
denser H’. It need only be said that by the 
use of a proper condenser the self induction 
of this circuit may be neutralized. Sucha 
circuit will have a certain natural period of 
vibration, that is to say that when the elec- 
tricity therein is disturbed in any way an 
e‘ectrical or electro-magnetic vibration of a 
certain period takes place, and as this de- 
pends upon the capacity and self induction, 
such period may be varied to approximately 
accord with the period ofthe engine. 

In case the power of the engine be com- 
paratively small, as wben the pressure is ap- 
plied through a very small fraction of the 
total stroke, the electrical vibration will tend 
to control the period, and it Is lear that if 
the character of such vibration be not very 
widely different fromm the average period of 
vibration of the engine under ordinary work- 
ing couditiong such control may be entire- 
ly adeqnate to prodace the desired results. 

Having now described my invontion, what 
T claim is— 

1. Thecombination with the piston or equiv- 
alent element oftan engine which is free to 
reciprocate under the action thereon of steam 
or a gas under pressure, of the moviug con- 
ductor or eloinent of an electric generator in 
direct mechanical connection therewith. 

9, Thecombination with the pisten orequiv- 
alent element of an engine which ts free to 


reciprocate under the aetion of steam or 9 gas | 
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under pressure, of the moving conductor or 45 


element of an electric generator in direct me- 
chanical connection therewith, the engine and 
generator being adapted by their relative ad- 
justment with respect to period to produce 
currents of constant period, as set forth. 

3. Thecownbioation with an engine vompris- 
ing & piston which is free to reciprocate un- 
der the action of steam or a gas under press- 
ure, aud an electric generator having induc- 
ing and induced elements ove of whick i8 ca- §5 
pablo of oscillation in the field of force, the 
said movable element being carried by the 
piston rod of the engine, as set forth. 

4. The combination with an engige oper- 
ated by steam ora gas under pressureand hav- 60 
ing a constant period of reciprocation, of an 
electric generator, the moving element of 
which is carried by the reciprocating part of 
the engine, the generator and its circuit be- 
ing so related to the engine with respect to 65 
the period of electrical vibration as bot to 
disturb the period of the engine, as set forth. 

5. The combination with a cylinder and a 
piston reciprocated by steam or a gas under 
pressure of a spring maintained in vibration 70 
by the movement of the piston, and an elec- ~ 
tric generator, the movable conductor or ele- 
ment of which is connected with the piston, 
these elements being constructed and adapt- 
od in the manner set forth for producing a 75 
current of constant period. 

6. The method of producing electric cur- 
rents of constant period hertin. described 
which consists in imparting the oscillations 
of an engine to the moving element of an elec- 8c 
tric generator and regulating the period of 
mechanical oscMlation by an adjustment of 
the reaction of the electric generator, as hero- 
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